Increasing the level of moderate to vigorous exercise is one of the most effective ways of improving the health of people with intellectual disabilities. Elmahgoub et al. conducted an exercise intervention that combined strengthening and aerobic endurance exercises for overweight and obese adolescents with intellectual disabilities [1] . The results showed that the intervention led to a significant decrease in the body mass index, waist circumference, and fat mass of the participants. Lipid levels also decreased significantly. Moreover, improvements in their physical fitness were seen in terms of their muscle strength and in their results in the sit to stand test and 6-minute walking test. However, evidence is lacking of the effects of physical activity programs on people with intellectual disabilities who live in shelter homes. They often lack knowledge of how to get adequate exercise. Their perseverance and confidence in exercising is also weak.
Besides physical inactivity, residents in shelter homes were observed to consume unhealthy snacks or to have an unhealthy diet [7] . They might not have a clear concept of which foods are healthful. They may also have less control over their diet [8] . Diet has a strong influence on the development and progression of the most common chronic illnesses, including cardiovascular disease, dementia, diabetes, and cancer [9] . The Global Strategy for Diet and Physical Activity for Health [10] suggests that member states of the World Health Organization (WHO), United Nations agencies, civil society, and the private sector can help to reduce the occurrence of non-communicable diseases by increasing levels of physical activity and improving diets for both children and adults.
Dental hygiene is another important health concern for residents living in shelter homes. There is evidence that the oral hygiene of people with intellectual disabilities is poor [11] . Their oral health may be neglected because of their disability, or because they may have limited access to oral health care. It has been reported that "dental treatment is the greatest unattended health need of the disabled, " and having less education, a lower IQ, and a low income are the most important predictors of poor oral hygiene and periodontal status [12] . Poor teeth could lead to difficulties with eating, which could affect a person's health and emotional state. Therefore, the promotion of dental hygiene is important.
A healthy diet and regular physical activity are key components in the prevention of chronic diseases and in the treatment of physical inactivity. Proper oral hygiene may improve a person's health and quality of life. The goals of the present study were to investigate the influence of a program integrating physical activity, a healthy diet, and dental hygiene on the physical functions, body composition, exercise and dietary habits, and oral care regime of a group of adults with intellectual disabilities living in a shelter home.
Participants

Methods
All of the residents living in a shelter home were invited to participate in this study (n=55, 28 males and 27 females). They had been diagnosed with an intellectual disability by a psychiatric doctor. All were receiving regular check-ups at a public hospital. Psychiatrically unstable people were excluded from this study. Those in very poor health, such as those who had been bedridden for a prolonged period or who were suffering from organ failure were also excluded. Finally, 51 of the residents (27 males and 24 females) with psychiatrically stable participated in the study. All of the participants were fully informed of the procedures of this study, along with its possible risks and discomfort by the researcher. The staff and person in charge of the shelter home were also informed about the details of the program and were asked to encourage the participants to become actively involved in the program. Written voluntary consent was obtained from the participants before the start of the program. For those participants with difficulty in reading the consent or did not understand the details of the study, verbal explanation were given and verbal consents were obtained before the study. The experimental protocol was approved by The Hong Kong Polytechnic University.
Program
The integrated program consisted of a series of educational talks and practical sessions on physical activities, healthy diets and lifestyles, and dental hygiene, carried out in the shelter home for 10 months. Ten 90-minute sessions on healthy diets and physical exercise program were conducted each month. Four sessions on dental hygiene were delivered over two months. The sessions were run by the research team, consisting of a registered nurse, nursing students, and a registered physiotherapist.
The healthy diets program was delivered by a registered nurse, who introduced educational talks on the function of food, types of nutrition, and information on the nutrition of commonly eaten foods and snacks, and explained what and how important a food pyramid is. To encourage the participants to become actively involved, the education talks contained a PowerPoint presentation with many pictures, videos, interactive games and activities, and Question& Answer sessions. The staffs in the shelter home was encouraged to join the talks, and were given suggestions on how to prepare more healthful meals for the residents.
The physical exercise program that was designed and supervised by a physiotherapist, a nurse, and nursing students. First, in a brief presentation with many pictures by the physiotherapist explained the importance of engaging in physical exercise, and introduced the types of exercise and their effects. Then, all of the participants were encouraged to perform exercises as a group in the function room of the shelter home. The exercise program started with a warm-up, followed by stretching exercises involving the head, neck and shoulders, upper and lower back, and upper and lower limbs. A 5-minute break was given, followed by aerobic exercises. According to their physical capacity and progress in learning, the residents practiced gentle aerobic steps with music (basic marching, with steps coordinating the upper and lower limbs). The aerobic exercises began with 10 minutes during the first session and progressed to 30 minutes in the last session. The physiotherapist monitored the physical and learning capacity of each participant and modified the frequency, intensity, and speed of the aerobic exercises. The nurse and students monitored the safety and the physical condition of the participants during the practical session. They provided individual help to each participant when he or she showed difficulty in following the exercises. To enhance the residents' excitement and interest in taking part in the physical activities, interactive physical games were delivered by the nurse and assistants. The participants were separated into groups and joined in a competition involving kicking balls, throwing beanbags, and engaging in brisk walking exercises. The nurse and students monitored the safety and the physical condition of the participants during the games. Before the end of each session, each participant rode on a stationary bicycle or leg ergometer for 5 to 10 minutes. The participants were able to control the bike or ergometer to proceed at their own speed. During the exercise, the nurse and the students monitored the safety and the physical condition of the participants.
Besides the supervised exercise program, the participants were encouraged to perform exercises on their own time. They were given an exercise pamphlet containing pictures and instructions on what had been practiced during the supervised practical exercises. A stationary bicycle and leg ergometer were provided for their daily use, and the participants using them were monitored by the staff. The participants were encouraged to record their exercises every week.
In the dental hygiene program the registered nurse and nursing students provided interactive talks on the function of the teeth, common dental problems, and demonstrated how to brush one's teeth and use dental tools to prevent and reduce dental problems. The participants practiced the correct steps of brushing teeth during practical sessions.
Outcome Measures
Body composition: Body Mass Index (BMI), the circumference of waist and hip, and the waist-hip ratio (WHR) were measured before and after the exercise program. BMI is defined as the individual's body mass divided by the square of the individual's height with the unit kg/m 2 . BMI is used to measure the size and composition of the body, and to diagnose whether an individual is underweight or overweight. The Hospital Authority of Hong Kong has categorized a BMI ranging from 18.5 to 22.9 as normal, less than 18.5 as underweight, between 23.0 and 24.9 as overweight, and 25.0 or above as obese [13] . The waist circumference was measured at the smallest circumference of the waist around the umbilicus [14] . The hip circumference was measured at the widest part of the buttocks, with the tape parallel to the floor [15] . The WHR (i.e., the waist circumference divided by the hip circumference) is an additional measure of the distribution of body fat. It is an indicator of the health of a person, of the person's risk of developing a serious health condition, and a measurement of obesity. A WHR of greater than 0.9 for males and greater than 0.85 for females is an indication of abdominal obesity. A greater WHR is associated with an increased risk of myocardial infarction, stroke, and premature death [15] .
Physical functions:
The participants were tested using the Timed Up and Go test (TUG), single leg stand test, Sit to Stand Test, Berg Balance Scale (BBS), and Walking Speed before and after the exercise program. The TUG was originally developed to measure the mobility skills of frail community-dwelling elderly people and to predict their risk of falling [16] . It measures the time it takes a subject to stand up from an armchair, walk a distance of 3 meters, turn, walk back to the armchair, and sit down. The reliability of the test has been reported to be high, with a sensitivity and specificity of 87% for people of fall. In the single leg stand test, the participants were instructed to stand in a comfortable position with their eyes open and their arms by the side of their body, and then to stand unassisted on one leg. They were timed in seconds from the time that they lifted one foot from the floor to when that foot touched the ground or when they lost their balance [17] . In the Sit to Stand test, the participants were asked to raise a chair 5 times. This test has been used for multiple purposes, including as an indicator of lower limb strength, disability, postural control, and the risk of falling [18] . The BBS was developed to measure balance. It consists of 14 items on a scale of 0 to 4. A score of 0 is given if the subject is unable to do the task, and a score of 4 is given if the subject is able to complete the task based on the criterion for each item. The maximum total score is 56. The items include mobility tasks (e.g., sitting/ standing unsupported, transferring, sit to stand test) and more difficult balance tasks (e.g., turning, tandem standing, single leg stance). Values indicating high reliability and validity have been reported mainly on elderly people. A cutoff score of 45 on the BBS is relatively good for identifying people who are not at-risk of falling (specificity = 90%) [16] . Walking speed was measured by the time it took the participants to walk 8meters. The time it took them to get to the middle-4 meters was recorded.
Changes in exercise and eating habits: The exercise and eating habits were measured before and after the program. The questionnaire for measuring exercise was designed by a physiotherapist. The self-perceived benefit of engaging in exercise was measured in 3-point Likert scale from yes, neutral to no. The frequency of doing exercise was asked in ordinal scale from every day, 3 times a week, 2 times a week, occasionally to no exercise. The duration of doing exercise was recorded in minutes. The type of exercise the participants performed was also recorded.
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Besides of the objective measures, a group sharing session was held in the shelter home at the end of the program. The participants were invited to share their feelings about the program, and gave feedbacks voluntarily. The staff made the records.
A statistical analysis was carried out using the Statistical Package for the Social Sciences version 20 (SPSS InC, Chicago, IL, USA). Descriptive statistics (mean, standard deviation) and frequency were used to measure the baseline characteristics of the participants. A paired samples t-test was used to examine differences in outcomes before and after the program.
The participants' eating habits were measured with a self-designed questionnaire designed by a nutritionist. Their habits on having breakfast, lunch, and dinner were measured in nominal scale. The quantity of food, e.g. rice, meat, eggs, vegetables, fruit, water, and snacks that they consumed were measured in ordinal scales. The tastes of the food that they liked were measured in 5-point Likert scale from "like very much" to "do not like very much".
Program attendance and Exercise compliance
The number of participants attended on each program session was marked by the nursing students. The time of doing the exercise that were learnt at the practical sessions (the aerobic exercise, stationary bicycle and leg ergometer) on their own time was recorded by the shelter staff. The participants with overweighed and obesity were only recorded due to the limits of manpower and limited numbers of equipment. Number of days and the total exercise minutes in a week were measured at the mid-point of the program and at the end of the program.
Dental hygiene
A self-designed dental hygiene questionnaire was used to measure the participants' knowledge of dental hygiene before and after the program. The questionnaire was divided into two parts: in the first part the participants were asked to record the steps they took in brushing their teeth, with a total of 12steps [19] . In the second part the participants were asked about the function of the teeth, and about common dental problems and their causes.
Statistics
Results Table 1 shows the demographic data of the participants. The majority of the participants had a mild to moderate grade of intellectual disabilities. About 67% of the participants were able to walk independently, and 26% walked indoors with walking aids. More than half of the participants (56%) were classified as obese or overweight according to the Hong Kong BMI classification. The WHR was 0.88 for all participants and 0.89 for those who were overweight or obese. The program attendance was about 60.6% to 72.3%. The reasons of not attending the sessions including medical check-up, hospitalization, sickness, and home leave.
The changes in the participants' body composition are shown in Table 2 . For all of the participants, no significant difference was seen in the waist and hip circumference. The BMI, waist and hip circumference, and WHR of those participants who were overweight or obese were also similar before and after the program. As for changes in physical function, the participants spent less time for performing the TUG test and the sit to stand test, and also had a higher score on the BBS, although the results were not statistically significant ( Table 4 summarizes the changes in the participants' exercise habits. More than half of the participants reported that before the program they exercised every day. After the program, a similar percentage of participants said that they exercised daily (64.7% to 70%). But, importantly, after the program they exercised for a longer duration during each exercise session (from 34.88 ± 41.04 min to 42.15 ± 45.27 min). Moreover, before the program the majority of participants performed only limb or only stretching exercises. After the program many of them performed more than one type of exercise. For the exercise compliance on the learnt exercises (the aerobic exercise, stationary bicycle and leg ergometer), 17 out of 30 participants with overweighed and obesity did the exercises on their own time. At the mid-point of the program, they did those exercises 2.52 ± 1.24 days/week and a total of 37.50 ± 18.24 min in a week. At the end of the program, they did those exercises 2.17 ± 1.04 days/ week and a total of 30.00 ± 11.86 min in a week. No significant difference was found on the exercise day and time between the two time points (p>0.05).
More than 90% of the participants had breakfast, lunch, and dinner every day. They consumed about the same amount rice, meat, eggs, vegetables, milk, water and snacks before and after the program. However, after the program fewer participants reported that they liked to eat heavy tasted food (from 5.6% to 2.5%) or very sweet tasted food (from 20.4% to 7.5%), and more said that they preferred to eat food that tasted "just normal. "
The results on dental hygiene showed that brushing skills significantly improved after the program (from 7.25 ± 2.7 steps to 10.5 ± 2.0 steps, p < 0.001). Regarding dental knowledge, a greater percentage of participants knew about the function of teeth, dental problems, how to brush their teeth, and were willing to brush their teeth (Table 5) .
At the end of the program, the participants reflected that they were happy and satisfied with the program very much. The majority of them agreed that the program enhanced their knowledge on diet, dental care and exercise. Some of the participants reported that they had no exercise habit prior to this program. One of them said that although they felted tiredness after short period of time on exercises, she would try to keep exercising. One of them reflected that she liked the exercise practical section very much. Besides of doing exercise on her own time, she also helped the staff on the exercise recording for other participants. Some of them reported that food pyramid was interesting and new for them. It was great to have practical sessions. It would be better if there were more review sessions to consolidate their knowledge. 
Discussion
The present study involved conducting an integrated program of physical activities, a healthy diet and lifestyle, and dental hygiene for shelter home residents with intellectual disabilities. The participants participated in the program actively and cooperatively. This may indicate that the participants felt that physical exercise and knowledge about a healthy diet and dental hygiene was interesting and important to them. In fact, most of the physical activities that were introduced (e.g., stretching, upper and lower limb exercises, walking, riding a stationary bicycle, gentle aerobic exercises, etc.) were relatively inexpensive and could be performed by people with intellectual disabilities in the shelter home by themselves, as activities that could improve their health and physical abilities. Information on the composition of food and the food pyramid was a new concept for the participants, so that they were also highly motivation during the educational talks and interactive games. Being shown the correct method of brushing their teeth enabled the participants to have cleaner and more functional teeth for daily living. After the program, the majority of the participants indicated that they were happy and satisfied with the program.
No significant changes were noted in BMI, waist and hip circumference, and WHR after the program. This result is comparable to that of many other studies, where the BMI and waist was found to be relatively stable [20] . In Elmahgoub's study the significant decrease in BMI after the combined exercise training program may be due to the difference in the population in that study [1] , which involved adolescents who might still be growing, while the participants in our study were middle-aged, old, or wheelchair bound. A different exercise training mode may be another possible explanation of the lack of significant change in our study. In our study the intensity and frequency of the exercises (gentle aerobic exercises, cycling at one's own pace, stretching and limb exercises, one supervised session per month) may not have been enough to effect a significant change due to the lower total expenditure of energy compared to a relatively intense combined exercise training mode (10 weeks of muscle strengthening and endurance exercises, 3 times a week for 50 minutes). There have been many studies investigating the effects of exercise training in obese children and adolescents with or without intellectual disabilities. The age and body composition of the participants may differ from the participants in our study, making it difficult to compare the findings of those studies with the present study.
The findings showed some clinically relevant changes in physical function in that the participants spent less time completing the TUG and Sit to stand test after the program. In addition, no deterioration was seen in many of the physical outcomes after ten months. The level of improvement was different with different age groups. Generally speaking, the program was more effective for young or middle-aged participants. In the single leg standing test, a significant improvement with the left leg and a trend of improvement with the right leg was noted among the three participants in the old-aged group. However, because of the small sample size, it will be necessary to conduct a further study with a larger sample to investigate the effect on one leg standing. No significance difference in other measures of physical function before and after the program can be attributed to the choice of outcome measures. The outcomes measured were balance and lower limb muscle strength, with good reliability and validity, in the elderly population. However, the majority of the participants in the study were reasonably mobile; only two participants were wheelchair bound. Yet their scores on the BBS before the program was 49.87 ± 9.57-slightly higher than the cut-off point for people with a high risk of falling [16] . It is suggested that, after the present exercise training mode, some other measures be used to address improvements or changes in aerobic capacity and exercise endurance, such as the 6-minute walking test, exercise endurance with aerobic steps, the strength of specific muscle groups, muscle fatigue resistance and heart rate, and so on [1] .
It is interesting to note that over 50% of the participants were in the habit of exercising every day before the program commenced. However, the duration of exercise at each session increased slightly after the program, also the variety of exercises. This met one goal of the study, which was to boost the participants' exercise habits and improve their knowledge about exercising.
Regarding the exercise compliance on the aerobic exercise and cycling, only 57% of the participants did. Moreover, the number of days and the total exercise duration in a week was lesser than the suggestion from WHO. The reasons of low compliance on the exercise may be due to the limits of manpower. There was no particular staff was responsible for monitoring them to do the exercise or marking their exercise record. Some of the participants might not have high motivation on doing exercise on their own.
The results on the participants' eating habits were not promising. It is not easy to change a person's eating habits unless the participant is suddenly confronted with a serious health problem [21] . In addition, the questionnaire designed the use of ordinal scales inquiring about the quantity of food consumed, may not be sensitive enough to detect slight differences or improvements. Moreover, it is uncertain how much of the knowledge taught at the educational talks and activities can be applied in daily life. Periodic medical check-ups and regular blood tests may be better at detecting the effects of a healthy diet and provide a strong evidence to motivate people to change their eating habits. An open question about the quantity of food consumed may be a more effective way of determining the change in this area after the program.
The effects of dental hygiene on the participants were promising. Their skills in brushing their teeth improved significantly, and more participants acquired correct dental knowledge after four sessions of the dental program. This proves that dental health tends to be neglected among people with intellectual disabilities and that it is important to promote dental hygiene among this population to prevent dental problems or deterioration in the state of their teeth that might result in dental diseases.
There are some limitations in the study. Firstly, we encouraged a healthy lifestyle with active exercise and healthy diet for the residents living in the shelter home. Therefore, we invited all of the residents to participate into our program. The lacking of a control group limits the evidence of the effects of the program. A randomized controlled trial with involving experimental and control groups of similar age and physical condition, with more relevant measures to test people with intellectual disabilities might then be possible to better measure the positive effects of the program for adults with intellectual disabilities living in shelter homes. Secondly, there are lack of measures and questionnaires developed for assessing about physical functions or diet for adults with intellectual disabilities. Self-designed questionnaires were used in the study without reliability and validity measures for people with intellectual disabilities. With the importance of develop health program for the adults with intellectual disabilities but non-significant findings of this pilot study, we suggested further studies on establishing reliable and valid measures besides of conducting intervention and program for health promotion on this population. This is the first study to investigate the effects of a program integrating physical exercise, a healthy diet, and dental hygiene for people with intellectual disabilities living in a shelter home. The participants were satisfied with the program and practiced the exercises and dental care skills that were capable for them to do at the shelter home. The participants spent more time exercising and showed some clinical improvement in physical functions after the program. Their dental hygiene and care was also improved significantly. However, no significant change was seen in their body composition and eating habits.
Conclusion
